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Introduction
In pelagic species, changes in stock abundance may not cause changes in catchability because of a densitydependence effect, which occurs when the school density spreads to remain constant despite a decrease in the number of schools or in the distribution area (Paloheimo and Dickie, 1964) . This phenomenon can affect the abundance index used in the stock analysis, which is based on fisheries data, such as the catch per unit effort (cpue). When there are changes in factors such as the size and number of schools and clusters of schools, the density of the schools, the spatial distribution patterns, and the distribution area, the cpue may be biased because the relationship between cpue and abundance is not linear (Fréon et al., 1993; Fréon and Misund, 1999) . To achieve the linearity it is therefore necessary to include in the cpue factors associated with size of schools and/or distribution area. The spatial distribution of pelagic species and the size of schools can be deduced from fisheries information (Yañez et al., 1993) or obtained directly from periodic and systematic acoustic surveys.
The morphology of small pelagic schools and their organization in clusters of schools have been described for some pelagic stocks (Cram and Hampton, 1976; Petitgas and Lévénez, 1996; Mackinson et al., 1997) , and some effort has been made to determine the relationship between the spatial organization and the state of the stock (Petitgas et al., 2001) . However, there are a few studies in which acoustic surveys have been used to determine school morphology and variability, or that assess their effects on fishery indicators such as effort, catch, and cpue.
In this paper, we seek to determine a correction factor for bias in the cpue of sardine (Sardinops sagax) in northern Chile. This work analyses morphometric (length, height, area, and elongation), energetic (biomass and density), and relational (distance and coverage; Reid et al., 2000) descriptors of the sardine during southern winters, as related to fishing effort, catch and cpue. The 1984e1990 period is analysed because the fishery peaked in 1985 and began to decline thereafter. Furthermore, the changes in the fishing yield were accompanied by modifications in the spatial distribution of the sardine, with an increase in dispersion of the aggregations and a weakening in the biomass seasonality (Castillo et al., 1994) .
Material and methods

Acoustic surveys and data
Between 1981 and 1995 seasonal acoustic surveys were carried out in northern Chile (18(20#Se24(00#S) from the coast to 185 km offshore. In this paper, we use the winter biomass assessment results, which correspond to the main sardine spawning period (Castillo et al., 1994) . Between 1984 and 1990, specific measures of school characteristics were taken from echograms. The vessels used were ''Itzumi'' (1984) , a 40.59-m stern trawler, and ''Carlos Porter' ' (1985e1990) , a 27-m trawler, using SIMRAD scientific systems, composed of EKS (''Itzumi'') and EKR (''Carlos Porter'') 38-kHz echosounders and QM-MK II analogue echo integrators, calibrated according to standard procedures (Foote et al., 1987) . The acoustic data were collected in 3.7-km sampling basic units (EDSU) and performed in parallel diurnal transects, separated by 55.6 km in 1984 and 46.3 km in all other years. A ÿ32.5 dB kg ÿ1 TS kg was applied to transform the echo integrator output into biomass. Species discrimination in the acoustic readings was done based on purse-seine fishing (''Carlos Porter''), performed by an auxiliary fishing ship, and midwater trawling (''Itzumi'').
Morphological school descriptors
School length and height were measured from echograms according to the procedure described by Johannesson and Losse (1977) , modified by Misund (1993) and Scalabrin and Massé (1993) . Elongation (Elong) provides a measure of the school shape according to the following criteria: Elong Z 1 for a circular school, Elong O 1 for an elliptical school with length O height, and Elong ! 1 for an elliptical school with height O length (Scalabrin and Massé, 1993) . The vertical cross section of the school was obtained by multiplying the height by the length.
Relational descriptors
The distance (Dist) between schools was determined using the number and size of EDSUs between nearest units containing sardine along each transect. An average was calculated for each survey. The surface occupation index (Co) is the relationship between the number of EDSUs containing sardine and the total number of EDSUs sampled during each survey.
Energetic descriptors
The acoustic density per school (r) was obtained according to Misund et al. (1992) and Johannesson and Losse (1977) , with a TS kg of ÿ32.5 dB kg
ÿ1
. The school biomass (Bs) was calculated following the procedure of Misund et al. (1992) , assuming that the volume of the school corresponds to a circular cylinder whose height is corrected by the length of the acoustic pulse (Olsen, 1969) . The density per area (Dens) was estimated as the ratio of biomass to vertical cross area. Rich schools were defined as those of school biomass R 200 tonnes. This value corresponded to the beginning of the long tail of school biomass histogram for all data of the seven surveys (Petitgas and Lévénez, 1996) . The variance of this type of school and the relative importance in the total variance were estimated.
The symmetry in the distributions of the descriptors was proven by means of the ratio among the skewness (g) and its standard error (s.e.( g)). The hypothesis of symmetry is rejected if the statistic is outside the range [ÿ2.2]. 1980 1982 1984 1986 1988 1990 1992 1994 1996 Year Catch (tonnes 10 
Fishery data
The catch and fishing effort data set used was collected from the purse-seine fisheries of the northern area of Chile. The unit of fishing effort was fishing trips, with captures standardized to the master boat (Böhm et al., 1996) .
Results
During the period 1981e1995, the annual catch of sardine decreased steadily, varying from 2.6 million tonnes in 1985 to 31 thousand tonnes in 1995 (Figure 1 ). The fishing effort showed four phases: a growth phase between 1981 and 1983; a stable phase between 1983 and 1987; a moderately declining phase between 1988 and 1991; and an unstable phase of reduction in 1992 and 1995 (Böhm et al., 1996) . The reduction in sardine fishing effort was attributed to a combination of two factors: the decreasing abundance of the species, and the replacement of the fleet target species. As of 1985, the fleet targeted anchovy (Engraulis Fingens), which had been virtually absent in this zone before this period (Castillo et al., 1994; Böhm et al., 1996) . All school descriptors show considerable interannual variability, and for most of them the distribution of observations was asymmetric in every survey (Table 1 ). The ANOVA confirmed that all descriptors, which were log-transformed, showed significant differences among years (Table 2) .
Mean school height, length, and school size, measured through vertical cross area, fluctuated synchronously throughout the period, with minima in 1984 and 1987, and a maxima in 1985 (Table 1) . One exception to this behaviour was in 1990, when length increased and height decreased. In general, the schools had an elliptical shape, with a length four times greater than the height on average (Table 1) , except in 1990 when the school assumed a disc shape, due to a doubling in the relative length of the school (Elong Z 7.93). The number of schools remained almost the same from 1984 to 1986, decreasing only slightly after 1987, while the distance between schools increased and the surface occupation index for sardine diminished, varying inversely with the distance (Table 1) .
The mean school density and school biomass values showed important differences between years, with a generally decreasing trend (Tables 1, 3 ). Only in 1988 and 1990 did school density depart from that trend. The distance between schools showed a significant inverse relationship with school biomass (R 2 Z 0.75; p ! 0.05) and school density (R 2 Z 0.72; p ! 0.05) ( Table 3 ), suggesting that schools were smaller in dimension as distance increased. Both biomass and density were associated with the surface occupation index. The number of schools was weakly associated with abundance descriptors, being apparently independent of both abundance descriptors (Table 3 ). The ''rich'' schools had the greatest impact on biomass, contributing with more than 78% in 1984 and 1985 (Table  4 ). The lowest frequency of this type of school was associated with the lowest biomass in 1987.
The annual catch, fishing effort, and cpue had a significant relationship with the surface occupation index for sardine, with a positive slope (Table 3) . These three fishery indicators were inversely related with distance (p ! 0.05), and weakly related with school area and school density (p O 0.05). The capture and cpue were directly correlated with school biomass. With evidence that the spatial occupation of sardine is the factor related with cpue, the series of cpue data was extended to the period 1981e1995. In addition, a new surface occupation index, from the winter acoustic survey, was obtained, and the winter acoustic biomass was considered. The cpue was stable between 1981 and 1989, with some interannual variability, and a decreasing trend starting in 1990 significantly fitted to a quadratic polynomial equation ; R 2 Z 0.71; p ! 0.05; n Z 15), fluctuated between 5 and 5.3 million tonnes in 1981e1982 down to 0.8 million tonnes in 1992 (Figure 2 ). This new surface occupation index was then multiplied by the annual cpue to obtain a corrected cpue (cpue*). In this way the cpue* time-series shows a significant fit to an exponential equation (cpue* Z 2. 46 ! 10 (230ÿ0.115 Year) ; R 2 Z 0.86; p ! 0.05; n Z 15) (Figure 3) , which is similar to the fitted equation for the acoustic winter biomass, and different from the equation that was obtained from the biomass and the uncorrected cpue. The relationship between the cpue and the winter biomass is fitted to a non-linear equation (cpue Z 32.01 log (Bo) ÿ 123.65; R 2 Z 0.52; p ! 0.05; n Z 15), while the cpue* is well represented by a linear function to biomass (cpue* Z 6.35 ! 10 ÿ6 Bo C 0.64; R 2 Z 0.94; p ! 0.05; n Z 15), thereby achieving proportionality between the two indexes ( Figure 3) . The ratio between cpue* and biomass represents the catchability.
Discussion
It is evident that the interannual reduction in total biomass was caused by the decrease in frequency of rich schools. There is also a weak relationship between the number of schools and their biomass. Marchal and Petitgas (1993) found similar results in Venezuela, and Petitgas et al. Factors such as school density and school biomass had low significance with respect to capture and fishing effort, which in turn were associated with spatial occupation of the region by sardine, such as the surface occupation index and distance. On the other hand, when the surface occupation index was high and the population was distributed over a larger area, the fishing effort was lower and the catches were larger. This density-dependence is common in fisheries for small pelagics, especially in periods of stock collapse, causing catchability to increase when the stock biomass decreases. Paloheimo and Dickie (1964) and Mackinson et al. (1997) stated that, in periods of stock collapse, the change in catchability coefficient is due to the greater effectiveness of the fishing fleet and modifications in the aggregation behaviour of the fish. The densitydependence in catchability (q) has been observed in several pelagic fisheries, showing an inverse power relationship with regard to the biomass (B) (q Z aB ÿb ). In this study, the cpue does not adequately represent abundance because of a bias in catchability caused by the spatial distribution of sardine. Once the surface occupation index, which represents the spatial distribution pattern of the stock, is applied to the cpue, the relationship between biomass and cpue becomes a linear one. In this way, the catchability becomes constant, being adjusted to the Schaefer model (q Z cpue B ÿ1 ). 
